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FROTSOTION AGAINBT RADIATION

w» USSR o
[?ollcuing is a traaslutian ot - artiole by
Yo, Romanteev in the Bol'shave .:.m_.. Y2
(Great Med ),

Vols hncw, 1%2'

Ihyaicel proteation ageinsd radiation oonededs of a ast
of mearures and fecilities designed to protect the orgeniem
ncatnu§ radiation: regulation of radiation levele, use of
guards, remotely and automaticnally controlled methods of
vork,; and the appropriste technology, 1In setting up a oysten
of protectdian against rndtution.it ie iaportant to determine

tha limite of dangey, 1.0y to aluoil.oorrootly the radiation

levels that will b safe for man.

Aftor extansive animal exnerimentation and analysis of
the axperience of perscae working with Xe-rays and gesoma reys,
noientists deaided that penetrasing radistion in ocersain dosen
does rnot nause irreversible ochanyes in the body. Tho’lursest
dose that, in the light of modern knowledge, doca not csuse
irraveraible ohanges 4is callied the maximum permissidle dose
(Mra).

The blolegieonl action of radiation depends not'only on
the sise of the dore sbsorbed and relative bdiological ef-

feotiveneass of diffsrent kinde of rediation, dut also on the

L_way. it aots on . s husan organise. ilaximum permicsible doses __
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are ontablished wocoxdingly for hoth external and internal rudiu-l

tion, dwpoesd to alpha or beta particles, gamaa rays, or
neutrons, nen receives injury only as Long &8 he is near the
sourdes of radimtion,

Working with rodioaotive subatances of the open kind
(packing, solution, preperation of tagged oompounds, 0t0.)
nay disperse ﬁhoﬁ with resultant contamination of the room,
air; equipment, olqthinc.'and handn. They oan naturally
penetrate tho organism under these oiroumstanses. The »adiae
tion emitted, unlike external radiation, irradiates the
ares for a lony ttﬁo until the radioaotive subitances are
eliminnted from the bedy eisher through decay or physiologioca
wethbolism, ’

Mot only thoao actunlly working with aocuroes of ioniming
radistion but personnel in adjacent rooms (elerical and ad»
mindetrotive) mey roceive radiation, Acsordingly, the
Sopisary Momilevions fox vorking with Radiecstive Substences,
pod teurqen of loniadine Raddetion Jssved by the U J 8 i
Vindatry of Hoalth and State Committee of the Oouneil of
Ministers on the use of atomio enorgy eotablished the fole
lowing throp sategories of 1rrudiuﬁ1unn1oatosory A » 0coupaw

tional irradiction of pernons in direed contaot with sources

lonigdng radiation) (2) sategory B - irradiation of persons

'L“veyginn in aresan addenont to thesa in vhish 22415668176 ube
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i Ydena) irvadistion,

[-}tuncan and souroes of ioniainy radiotion are handled dut who mul
de not themselves touch the muderials (includes thosv in ade
nindetrative, oorvice, and mupply aross, in &ll tuildings and
outdoors within a sanitary proteotive aone); (3) category ¢ =
inradintion of all age groups of the population (inoluding
thoue living in aveas bordering on s sanitary protedtive 2one,
aven 48 the adult elemont bzlongeto either oategory A or ).

The muxdoun pormicedible doses for extornal irvadiation

are presontad in ''able 1.

Table 1

Maximun Permissivle Dores of hxternal Irradiation
(in biologloal eguivalants of rad == ber)

Cetegory of Maxcimum permissible dose
rradintion
her/veek bev/year
A 0.l 5
B 0.01 0.5
] 0.001 0.05

The MPD for she population as o whole is less than twioce
the minimuw value of the natural background »egarded as aqual

o 0,026 rad/year and 100 timos iean than the MFD for ocooupa-



r' Depending on working oonditions, irredistion with a dose
in excess of the UID is permitted in ohe day or week of work,
Avaording to the ganitapy fegulations, it is permisoible to
receive o dose not in excess of 3 ber per quarter (13 oconsecutive
weoks ), regardless of time of irradiation (even a single ex- .
posure), dut the working oonditions during the 2Lollowing wseks
pwat be sush that the dotal dose not axceed 3 ber.

The totul dose D for oooupational irradiztion uuet not
exoeed Dls (N18) bex, where ¥ is the person's age (18 is
ﬁhelnanigun &ge) younger persons are not peraitted by Scviet lav
to work with rodiosctive nubu%anooa).

Pable 2 gives the values of MPD of different kinde of
radiation in relation to their relative bviologioal effective-
noas (RBE).

Table 2

Nlllill Pornioaivle Bose Retes for 3iffersnt Kinds of
Radinsiea (s.a #ad/veek)

‘ Casegorien

Kied of rcidetion v | A B -] .
Terays snd gum) Toyo 1 0.1 | 0.0 0.00)

" Dota Partieles oad elestrons 1 0.l 0.03 | 0.00) /
Protens end Alpha yarticles 16 0.01 | 0.00) 0.000)
Nulticharged icms and

relense of stcms 0 0.005 | 0.0005 | 0.00003
Taormal neutrons s 0,039 | 0.00383 | 0.000%8
L Rapid newirens 10 6.0 0.00) 0.0002 |
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In dotermining the uaxizun peraiseible levels of tntornnl.m]
irradiation, acoount 48 taken both of the sotal aboorbed dose
anitted by a given radiocactive isotope thrcughous the time it
remaine within the body and of the organ whioh 45 aritieal for
shat ieotope beomuse the diffavent radioactive sudstanses oone
gantrete preforentislly in certuin organs (of, article on
"Radiation Toxicology"). A oritiocal orgen is one in whioh
ntorage of a radiocsctive iactope radulte in the paxianuw injury
10 the ;scunanm a8 & whole,

‘ The following three gsoﬁnl of orguns are oonnidered
anmtioui in oalonlating tho maxiuvun permissidle oconsentration
(MPQ) of radioac*ive aybstances: group 1 ~ entire body, gonadn,
axywialline lens, and homatopoietio orgunsj group 2 = musoies,
fadty tisane, liver, kidneys, adronal and prostatic glands,
dantrointevtinal tract, and lungsy group > - skin, Shyreid,
and bonse, Table 3 presente the adoeptad MPD valuss of ine
vornel lrradiation for different groups of oritioal organe and

svradiation ostagories,
Tadle 3

Maxioum Permissidle Doses of Internal Irradiation

. Tndlatin F Oroup 1 Group 2 aroup 3
X! R—
avlaey boa/uoakrbon/yoas' ber/veek |ber/year | ben/week [ber/year
A 0l 5 04d 14 0.6 0
" 0:01 | 048 0403 18 0406 3
0,003 0405 0402 Vo3 8.02 i
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r-' Por praotical purposas it is important to know the MIC in ”ml
alr and watax of the rudionotive ierdtope whose entrance intoe
the bedy with the dally intake of water or air Joes not oreats
dosas in exooss of the MP) in oritical orgens ox ih the bedy as
* 4 vholes 'The initial data for thiu oaloulation some fron
& knowledge of the oritioal organ for o given isotope (de-
termined experimentally 4n animals) and the amount (motivity) ’
of the isotope that oreates the P in a oriticel organ,
‘he dadly inteke of the imctope with water or air muu{ ;; aveh
that after 50 yeara of work the isotope activity in the body
will be no highed than the value at whioh 1is oreated the i)
estadlished for the partioular group of isotopes und oategory
of Jrradiation (Table 3). The Janitesy Reguluvions oontain
tahlen showing the NP) in water and air for most of the pree
aently knewn radioactive iaetopes,

The aaximum permisuible levels of contvamination of work
surfaoes, hands, and slothinyg are dotermined in eimilar feshioen,
Tn doing 6o acoount is taken of the portion of the astive sube
vtanee that wight enter the body from oontamineted hands or
work surfaces,

Jith simultaneous aotion of seversl radintion factors,
the total domas from all of them must not exoeed a single I'PD,

The eatablished UHiD for both external and internal ive

L_radiation do not inniude vha natural owokgrowad or the —
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[ raddation recsived in the courss of cexéain medics) procedures ™
(02, tho article "Doses of lonining nudi.auon").‘

gensral prinodnhes o8 2X5dseticn Aainat Fadistiqn. . The
main purpose of protective messures in working with »adiosotive
subatanoen or aourcas of yaneitvating radiation is to prevent
the substances fron entering the body and keeping the dose of
extornal Lrradiation 40 the manimm peruissivie levels, Protestion

- fiom exbernal Lyredishion 48 afferded By stationssy o MvAble
enelosnzes VALeh ansure sefsly of vesking eemditions.

Jince the ranéo of alpha puuoln'(or'. "Alpha Rays")
emitted by presently known readionotive '!.ootopu i vezy short,
no mere than 9 ow in alr or 0,01 om 1'n tieave, olothing and
rudber gloves provide full protootién Against theoe partioles,
¢ one stands beyond the uwo'ot alpha partiocles 4n aix, no
harn will reeult avan if the hody 1a unproteoted,

Po proteat the body from extevnal iryadistion vith bdess
partioles (of, "Deta Aays®), radioactive substeances must be
hasndled behind speoisl Q\xtolga (soreens) or in special
oubinevs, The thiokness of tho protective eRalosure muet Ye
greatey than the maxinum nns'o of the Ybete particles, The
paximun ranges of beta ynrueiu wa.'th energios of 0.%, 1.0, and
2.0 Mv ave 119, 306, and 70 on, respestively, in the aiz,
aud 1,87, 4.8, 0nd 11,1 om in sofé t}lldol. Plexiglas, aluminum,

L__n.nd glase are the usuel prosective materisle. The thiabmens og__'




rmbraﬁeotiun d in e;/om3 ney b deternined from the following
approximate formulas
d = 0uShotlnyy = 0,15, ,
where mmax 10 the cexitum energy of the beta mpestrunm of the
given raddoactive 1eotope in 'wev,

The following formuls 4s uoed to cnloulate the degres of
protestion against Xe op gunma rudiut&ont

D e DB (hyy pay 2) ook,
where D° is the dode at & given point in the absence of pro-
veotiony D 48 the dose of radintion et the same point orecsad
after penetraticn through proteviien 4 om thiok) jais the
z:;.nur gtonuation of narrovebean radiation faator; 3 (hv, péy 2)
is the growth faotor, whish takes into sescunt the role of seadtersd
rediation yrodused ia the shiedd by the interscticn of the radisvion
and the subatance (0f. "Tominimg Rediatica").

To faoilitate tho soloulations, some hondbooke provide
variond nomogeams and tubles for direet determination of the
thiokness of proteotion d againet rediation of difforent speote
ral composition under 4Aifferent working conditions.

Theoretically, sny material oan be veed for proteotion
againgt Xe or gamma rayw. However, in choosing material
one must be guided by oconsiderations of design, econonmy,

end reguirenents for dbulk and weight.

L. .




Somwdizes in workiay with svwress of gisma radistion (astivity
10 to 50 meq of raddum) the oconditdons ave suoh that it ia
inposaible to wet up a otationary shield (800 in vecharging
the undt, withdzrawing a rudiééctive preparation fron u oontainer,
oalibrating an instrunont, deteoting flawe with an open vouroe,
preparing applioators and meulagesy eto.). In auch ocasens one
oan use movable ehields (Mg. 1) ory as they say, "proteation
by distence" or "proteation by time", meaning that all open
souroen of gemma sadiation ehould Yo handled with long tonge
or holdors benause the radintion dose deoreases in inverse
proportion to the square of the distunce. Purtherzore, '
o given opexation siould be performed only in thet interval
of time duping whioh the workexr doss not zrecelve o dese in

exoess of tho noxmo established by tho Ugnitaxy lieguigtions.

Mach work muet vo monitored by n healvh physiolst,

Pipe 1s Teble shield with
an 0MNetype holdex,




‘F?.. Popthormere, no unsuthordsed persons ave sllowéd to remain |
thore, aég‘whn area wiiere the dose exoevds $he NPD must Yo
olosed off. When the sotivity of she souroe ie X wegq of adium,
the distanco at vhioh an MPD i oreated is '

2/ by o,
virere D 4s e K2D yor vothlny~h~, and § 40 the time in hours
durdng vhich an open souroe is haudled, |

+

The time duiring whzoh a vorker luv be ansr an Open AouTee
40 perfors an eporcttoa is

. m}xowo. | |

viese & 4s $he dastence (in ow) from she worker and D 40 the MPD
por vorkday, ' ‘

Protoettoa ugatant neuszrons is onloulntod fron the ape
propaicto formulas or nonoarnna. Substances with iovw aiomio
BURTATO X0 U0Ed: 88 L...~otive materisle tsoause at eeoh collie- .
ion vith & suolous the neutson looqn part of 1tq'oanr¢v. the
20re 80 the olosex the nuclear mass in 20 the neutron wass,
Water or gonorete is nermally used for protection against
noutrons. Having lost ‘442 energy agaﬂhimnﬁdioct&vo‘
sububende an it interacts with thy meled of the atoms, the
fast neutron is transforsed into a thermal noutron whioh ia
capiured by the nuoled of the apome while emitting gamma quanta,

10




e e = O — s, -

-

It will be noted that there ie virtually no pure neutron |
flux It is generally known that nuclesr reactors; accelerators,
and rediuns=deryllium preparations ars neutron ssurces, BLosidea
neutronu, all thess sources have powerful gamma=rey fluxes

that are produned during the fisusion processes or from the des
oay of fiesion products., @ssms rays are produoed in accelerators
and radiunebaryllium preparetions by nuslear reasctions whioh
yield neutrone) they are also amitted by the products of radium
doouy.. Thus, in dealgning pro%aohio? againat neutrons one munt
at the same time provide prodsetien against ganme »adistion

(af+ "Noutron Yedintion"),

Proteotion aguinat extoernol radiation fvom open sourises
alno entails proper plonning and equippirg of work areas,
inoluding ventilation, 8o an to prevent redioactive sudbotances
from penstrating the hody. Ihe requirements vary with the
nature of the opa;ntienn to be perforaed with the partioular
leotope, ite antivity and toxioity., ALl werk with wadiowctive
isotopen uéﬁ divided into three olaneces scoording to the
tozliodty ond aotivity of tho aubtwtanoes at the work plmoe
(Table &),




L

Tablo &

Aotivity at Jork Dluoces for Jifferent Clusses of Jork

Toxdodty Aotivity ab vork place,po
ou
Froup Olaen 1 Claos 2 Clags 2
A » 10 0:01 = 10 04,0001 = 0,01
. >100 0l = 100 06001 » 0.1
¢ » 1000 1 = 1000 00) = 1
D 2 10000 10 = 10080 Qed = 10

Qlase 3 work oan ba done in oxdinary ohsmietvzy luboratoriss,

Operating personsel muat woar a gown, Dlesched moleskin cap, snd

qubber or vinyl shloride gloves,

Jl080 2 work munt %e dono in apuclally equipped unsnne

isolatod Lven tha athex aresns,

The Tleor is aovared with

puptionted rubber while the walle wre pu&ntad‘rrom toh to

! bottom with an oil paint, Redienotive subatancas are handled

in epecial boxee (Time, & ond %) or undor exhiust hoods.

boues and hoods are aquivped with exhnunt fanu wnd filters to

frap the radionotive noronols,

e



Plg, 20 lox for handling

idiocactive suhutancen,

Tmgelike manipulnters ape

mwuntald in the front of
the box,

Mg 3. Meohanieal manie
pulator for handling very
active isotopen,

13




' r~ ledionative subatances ave hendled with songs and pincers |
| (’18‘. “)o l

Mgs 4 Tongs for hendline
radicaotive Jubstances.

w Operating powesnnel wear & gown, blenched moleskin LTV
subbernsolad shoes, and rubbaw or vinyl chlezide glovni.

A plastio apron, overslesves, ana. atd tinew, & "Lepoatok"
sespivator (%o pwoteot yho raspivratory organs) are alse
used (Pig. 8), “

Pigs 54 "Lepeauok" reapivator, v




f-‘ In olasn 2 laboratories it is desiradle to provide fnoili-_ww
tiw for taking a ohower when the work is fanished,

Olage 1 work im dona in aress divided into three parte in
suoh & way that the sources of radiation axe isolnted from the
places where the people work regularly., Thase areas are in a
special huilding or isolated wing of & building with a separate
antrance, One part of the area (sene 1) inoludes the space

, for the equipment, boxes, oconmunioations, ete., whioch ars the
aounroes of radionotive contamination. Zone 2 is used for
repair work, loading and unloeding of aotive materials, or
auxilicry operetions involved in opening equipment and doe
contamination, Zono 3 oontaina shielded sress where most of
the people stay. d<ones & and J are conneoted by & sanitary
enclosure in whioh additionn) means of 1nd{v1duu1 protection
are kept and, vhen necesasary, personnsl leaving vone 2 oan
B¢ given sanitery processing.

In the avene whoere oluee 1 work is done the flooxrs are
aevarad wé%h nastionsed rubber or tile while the walls ave
faced with glaved tiles o mssticated rubber. The ceilings
are painted with an oll paint.

A olasy ) laboratory must have & sanitary passagevay,

Operating peracnnel waar speoial underwvear, moleskin over=
alle, plastio apron, and ovorsleeveo, ALl work is done in

L.wlpooiul boxes. There are exhaust fans vith filters all over -J

15




r‘}o puprify the air., 411 vopair and decontamination vork ie
ocnyrxied out on the aone 2 side, Jpeoinl adr suite ave worn
t¢ provent radicastive sudbtonces from penetrating the bedy.

Glams 1 and 2 laboratorios zust systamatioally uonitor
the oxsersel gamea-ray becksrousd and She centemimceies level of
work surfeces, atmespherio air, sleshing, hends, and body
of the workers. -

Leogeatidon. aseines Sxxave and oloeed sources of guums .
pedistion. The various devices ere either stanionepy or ]
movadle, The former includes protective wallae, fioor and
coiling ooverings, doors end doorways, viewing windows,
platiennry eguipmant for weil with gaame-roy sources, o43.

Movedle devioss ineledo sareens, daeing of Xoray t\m‘o,

sutnles snd diaphragms thet 1imit the reys, portadls sashines
for work with ganhaerey sources, oontainera for shipping and
atoring radionotive preparations, eto, The devices are se-
leoted in acgordance with the purpose for whioh the radiation
#0u2ces ATe %o Yo used.

A dietinction muot be made between the protective
syptemsueed int (&) Xerny diagnostic roomsy (b) Xersy
troatment roons) (o) gamma thorapy; (4) therapy with highe
|nnnr¢y partiole accelerators) (s) deteotion of flawe

in manufactured goode with Xersys and ganma raye,




[" Droteqtien in Xeray Sinanoetdc Xoopy. Apparatus produoing | 1
Xeradiation with onadgy wp to 110 kev are wost oommonly ueed |
for diagnoatio purpomens OStationary protection of walle and
oedlings an well as looal guards wpe employed to ahield
the patient, technicvians, and porsonnel working in adjaoont ;
naens from unused redietion,

Proteotive devioes of the general (etationary) tvpe may

‘ not be required 4in buildings with thiok briok wells if they
are deasigned properly. Othsrwise stationary proteotien ie
caicvlated fron apeoifications for the maximum Rominal voltage
with due regard fer the distsnce from the Xeray tube.

Looal protestion in roentygonography inoludes the proe
tsotive caaing ef the Xeray tube, with a window for foowning
the buam only 4n the deeired direction) diaphragm limiting
and forming the irradiation field; tudbule gusrding agsinot
scathared radistion arimin,; in Jiffevent parte of the Reray
tube, at the edges of the viewing window and in the ddaphragu)
soreon nets the ocontrsl panel o protect ?he sechniodan, §

Othar devines uved in roentgencscopy inslude lead glase 3
avplied un the luminous soreen on the side of the observing

b phyaseduny shlslds of lendelined rubber sround the frame with o

5 voreen to protect the phyatoian's body from soattered radiation;

| ehioldn protecting the physician's legs from sonttered radias
,L,ﬁton; protective load~lined rubber olothing, gloves, aprons. _mJ

Yy




The radiation dose in redusnd during fluorosoopy by inoreasing '
the brightness of the eoreon, inoressing filtration of raye
(%o % mm of Al)y reduoing ourrent through the tude, snploying
image convertesr tuban,

The prinoipul protvective meterisls used in gnoldoures are
loud pluse (oasing, tubulea, dlaphragne), lead glaes, leads
lined rubdber.
' The lead squivalent of the walls of protective ancldsurss ' B
uat ensure a dose rate dbelow the MFD. The éolo rabe for an enoloe
sure varies both with the aize of the Jead equivalent of
the wall and with the distance fron th3 souvres, In addition,
there i & different MED for the different ontegorieo (o2,
above). UTherefore, the lead equivalent of general stationary enoloe
auras 1o generally csloulated for esch oase individually,
Por proteotion against direot radiation from a 110 kv Xeray
paochine in relation t0 the aboveenmentioned factore, the lead
aquivalent of the walle, oceiling, and floor mey »ange £™on
about 1 to 3 mm of Pu. Uhe lead sguivalent of the deviocms tor'
loowl. protee%ion (lemd gleus for scaxeens, hood, shield, apron,
ata.) varies within approximvately the same linits, Since the
proveotion svandarde ere revaewpd fron time 50 time, the .
lead equivalents of the waricus loon; shielding devioes should

nluo be revieved for each iteu separntely (0f."Xeray Room"),




Y Proteobion An Kegay $Zestuont yoong. Apparetus producing |
Keradiation with ensrgy up to 200 kev are sagesally used for

roentgenthevany, Nora powerful machines yiclding rudignt onergy
nf several million eleotronvelts are now heooming Lnaroantnaly'
available,

,  Rediation protection in trouhmqn% rooma 16 the sepe Poysrde
less of tho energy usod except for the lead squivalent of the
protactive dcvtoqa. It 1o oharasterintio of an Xevay trantment
room, uniike a dinauootfa poot; that medical pernonnel axs not
allowed to remain during & ses88ion while the fLedny tudbe in
funotdonings The petient is generally irradiaved in a booth
nu‘tho teohniodan and nppnr;tnn oontrol stay bahind o protective
will.

Jtationary protective enclosuren consist of proteotive
wallo, cediling, floor, doors to the beoth, and viowing windew.
he protection is bBoned on the maximum poseibls voltuge in
the Xeray tube und the distance fyrom it ¢o the place where
the medical) perconnsl stay. Thess anoloaures are Geaigned to
proteat both personnal and adjacent rooma.

The lond squivalents of stationary enclosures vary with

the factorns mentioned above, For example, they may range

foon adout & to 6 mm of Fb for »adiation from a 200 kv machine,

-
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Ao in the case of Ad+gnosis, the panient e piotootod
against exoess radiation by the caning of the Xeray tube, diae
phragsa, and tubule,

Lretection in sommesthorppy poomk. Tho usual yamme-ray
Hourcen ave 0960 (onegy = 1,37 and 1,17 nev) and a7
(enorgy « 0,663 mav), The protective casing of the machive
in nonoperating pomttioh lowerp tho raddation doee rate in all
diroctions 4o 2 nr/houz or lesn at & dintanve of 1 m from tha .
Bource, 'he maohine must be wsed in s npooially sonstzuotoed
room with proteotive walln and oeiling beoause vwhen in oyers
ating position (while the patient 4a bedng irvadisted) the
heam pay be direoted to the floor, celling, or teward the
adjecant rooms, The iead oquivalent of Yhe swtntionary one
clouures of protaotive bouthn for gamma therapy dependa on
the amount of act}vity of the radietion souroes; dietency
from soured to personnel stetion, and aise ol permisaidble
dose rate pohind the enolosura, JFor exemple, if thare ix
& nosond floor ahove the room vhere & ganmma apparatus
with cobalt source posmesaing the setivity of 400 geeq of
cadium is loonted, the £leoxr and ceiling between the two
stories nust hove proteoticn aquivelont to 24 om of rb. . ;
A floor and oelling of cement with u densdiy of 2.} c/om5
should be about 1200 wm thiok,




I~ N

The wulles and oelilinyg need not be mso thiok in & room with
a rotary naohine if a proteoctive blook counterpoins is pleced
behind tho patient in the path of the bdeam, . 1f the counterpoiee
attonuates the heam, ncy, %000 times (ateel layer 20 om thiok),
tho thickness of the oynent ceiling and floor in tho exenply
oitod above o&n ve docreaned to 600 mm, ‘This thicknsse is ree
quired not only to0 attenunte the direct beam passing through
the gounterpoime, but also to protest perasonnel on the floeor
stove from aonttered radiation,

The entrance to she troatment rood is vaually prodectad
by & mane ur;nngomont haonuse oi the great quantity of radime
tion emitted by 0660 and 0-137 uourook. This oonsiderudbly
preducan tho consumption ef lead for the door and makes it
iighter in weight, Tha mnse ontrance is gensrally interiooked
with tho machine in such manéor thet when the sourgo in
open tho booth ﬁunnot be onter;d. At the name timo #lgnule
indionta the ponition of the soures.

Phe patient ekn be safely obeerved Shrough a viowing
windew (in the protoctivc'wnll) shielded by lead glasa panet
with a transparant, very AGnue fluid sometimes plaged botween

them, 'Telovision receivern, perimcopes, eto. are usad to

obagrve pationtu as they are irradiated,




| r__ Conoxete, bavite conorete, and briok kro uqod éor the -"|
stutionary protective nnoloaurou.'loid for the protoettvb'ountnc
, of the Xeray machine and b;api countervoise, Wolfrea nni
uwranium, whion heve stroug shielding rroperties, ays alao uaed,
Voitddnation of these materials grsatly weduoes the bdulk end
vilght of the protevtive duvices. The Polloving vatios spply
to garma rsd&uthh of 00601 quivalant thtqknmol of lead nnd
wvolfsem = 1.4 on 2 1 omy oﬁuivalgntlchtoknssa of lead and
wpativg - 1,8 o « L om.

Protestion.dn xoons with asdeleratose. Thu goneral
arrongenont of th§ proteative daviaes for work vith ace
celeratorn (of, "Charged Partiole Avvelevatoss®) e similar
te that employed in rcuntaomth@raby; The ronelerators ars aurw
roundsd by proteotive wallm and celllags and flooxs,

The accelerator in pravided with lsocal protestion de-
pbndtn& on its deaign, Thin protection either enciroles it
or only goow saound the window, bhlooking axamian and, scattered
radiation. The direot bLenm bebind the patieant is dlooked by ;
the proveotive enolooura, The Toux needs overall shislding X
t0o vamove the soattored radiation esonping from the edges of )
the diaphragwe, patient's dody, and pavte of the enolosure

on whiash the direot beam Talls behiud the patient,




[ Tho thiokness of the protective sheots of the e¢ndlosures |
18 oaloulated from the quantity of ‘reasstrahlung emitted by

the aaceleirator.

Proteotian against radiation from acoelerators of different

\ design munt be inddviduelly daterained, taking into acocouht the

nature, enedsy, and intonsity of the radiation emitted,

Lredegidon ageinet Xe-2ave and seann zave ysed for fnd sieiad

' and.Rageaxch purnonep. Xersy diffrection and spootrai anaiyeis

ia parformed with apparatus producing thin, . directed deans
; of Xoradiation with cnergy no highar than 80=100 kev, somstimes
of very grect insampity. Therefore, eoreful ottention must
be paid to looal proteotion and the aotual opezating techalque
and handling of the apparetus. The greatest danger is acolle
sntally placing the hande or part of the body in a direot
bean, whiok may cause sevare looal radimtion lesions (ef,
"Radiation Burns').

Xeray flav detection i»s based on the photographio method

involving o fluorescent eoreen and ionigation indicaicors,
Under stationany oonditions it is ordinarily used in epeesis)
hoothe sinilar to those emplo&od in roentgentherapy and pro=
1 . viding protection againet both dirsct and meatiersd reys,
In induatey wso 48 made of a mobile unit, portadle soreens,
and other temporary mesns of encloeing the work area, The

L-x-ray tube 40 placed ir a protective casing, Protective en~ -—J
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} " r“nalonurol. fluorescent soreens, and ioniastion indicators are
} part of the standard equipment, The puxpose of the onolcourp;
L is ohiefly to protect the technioians from the soattered radine
‘ tion proceeding from the object and edges of the diaphragne and
tubules, .
Kedrradiation of blologioal objeats for rescareh purpcees
is generally ocarried out in séome eimilar to those useld 1n
Toent gantherapy. ' )
Iadustrial and research gammn laradiation unite are oone
porable te those uned for gamma therapy axespt that the pro-
teotive enclomures sre gonerally inoluded in the deslgn of
the machinm,
Ganna unite for flaw doteotion emit & direoted, limited
hou; or they allow the radietion sourcs to be puehed Torward
to produce oiroular transillumination. That is why gemma
defactoscopy undey stationavy eonditions is oarzied out in =
spaoial pqotooﬁ&vo booths, When a yamma unit is used ?
direétly in & shop, 4t 1s ddiffisult o install & protective
anclogure beoause of its great weight., All exoept the
toohniciana, who une remcte=control devicas, nust leave the
ATOA, ‘ '
The gamma apparatus used for vadiologioal experiments,

oold aterilisation, radioochemical iuvestigations, eto, differ

4
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r.-rrom the other bypes In that voluwe Lrradiatore are used instead |
of tho point source epployed in ganma machines for therapy
and £law detaotion. In planning protectiion ageinst radiation
from such nachines one muad take into esoount both the radistion ‘
fase and the operating oonditions (e.g., need te odhange the ﬁ
dhiacts frequently, sine of the irradistor vhieh icv semstimen
sonsidershle).
¢ Blooking devioes and signal syatams s2¢ highiy important,
Whareos lead, less commonly wolfranm and uraniun, ars used
ne shielding materials in the construotion of geanma machines
Por flaw dotection and thavapy, beiok, oconorete, and othey
budlding materdale ave uned in gaoma machines of the stationury
type,  Lead, wolfram, and uraniun are only ueed in the ouone

strnotion of modile unitse,

Zxenspovtetion of gaune scuroes. These substances are

shipped, am & rulo, only in spacial containers coanforming to
tho atandards set by the Jtate Commitbee of the Counodl of
Miniateras on the use of atonic energy and the V.3.9.R. Main
dtute danitary Inspeotuor, Gaseous and liquid radiocactive sude
starces uuet firat be basked in hernetioally sealed Yhoxes

Lo and then, depending on epecial requirements, placed inside
‘suntainers with shielding naterial determined by tha amount
of the substanos and radiant enexrgy. Jolid radicsotive

l..uourool in ampuls oan be shipped in proteotive oontainers -
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‘"mwith no other packing. mm‘

[ 0f, the artloles on "Radiation Rygiens" and "itaddobioloyy".

} (hemionl »adiation protection inv.slves the introduction of

L ¢artain subatanoes into tha bedy before radimtien 1nlordor

; to weeken ivs bislogiocal effwot, These "protectors" are

| used in roentgentherapy and ocuriatherapy, in repair work
in lahoratories and industrial plente utilising donising
sadiotion and radioactive isotoyas, Their meahanism of

| notion 10 vary olosaly relatad to the primary phyuioccchemiosl

end bioohenioal renctions that follow the irradiation of

tisoue (of, "Radioviolegy"). UGome aspeots of the mechanisn

of aotion may be understood by oconsidering a very simple

nodel - roentgen (gamma) irradistisn of subetance A dissclved

in wvater. The following rescticns will ooocurs

(1) Dt h wpd® + A"
rade (done (exoited modleouls)

iation) dmed
molecule)

(2) At —p A

(recombination of donn and formation of ionised molee
oules in difforent atutes of eleotron exoitation). -

(3) A" b a, |
(ehemical tranaformation of moleocules)
(%) A" o Aredten
L (breakdova 1n40 fre0 redicals) _
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I~ (3) A" wep Aeradical
(conversion into thermal anergy)

(6) At e woop A 0 4 4 Hoat
(sonoentrated extinguishing)

Uindlar procemses vill take pleco when the water itself

{0 drradiated, It is necessary to bear in mind thati(a) all
energy abaorved by tiasue is distributed propostionately to

' ,he mane of the substances gomposing the tiewues. (b) most
theeues aontain large amounts of water) (o) iquooua phases
ere Aireasly continguous to the surfaces of 'the umost varied
moleoulen in the living cell) (d) rudtdﬂil formed in she aqueous
pliase mey #eaot directly with biolociqally signifioant mole~
oulaa) (o) free 2adioals are aomplexes with anomalous valenve
whioh namsass 2 Harked affinity for ocombination, but do not
osrxy &n 2laotrio oharge and are not free done) (f) with the
Lrvadiation doses that are normally used in biolegiosl exe
perdmensa, the number of free radicals formed grows linearly
with inorease in dose) (g) moleoular oxygen plays an ozooptaen-'
0lly important role in the formation of freesradical states.
* The following approachea bo the provlienm of devising
ohenioal radietion protestion are udccnlﬁcl by the foregoinyg

e st e

oonsiderations: (a) reduce the yield of rudicals, pevexides,
end freeeradiosl states resulting fion irradiation by tempore
1 arily dooreasing the oconcentration of oxygen or water vith __J
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ru~ohomiou1 oonpoundny (b) deorense the radicbiological effeat Ly -m'
introdueing into the organism oompounds énpnhlo of reacting
with the rediocsls formed) (o) intreduse into the organinm oome
pounds oapublo of reacting temporarily with active groups of .
meloeules in the vell ("pmotection” of the most vaulnerabls
1inks in the diochenioal »roceines ?or the period of irsadiation))
(4) une compounds capadle of rapidly abeorbing raddation of
‘water or preventing the nigration of exoitation energy fron
the moleoules of watar 25 the moleouled of the dissolved pube
atance) (o) uéaroh for subntances »"extinguishers" = whioh
nid the conversion of 1ona§ation»and axoi tation energy inte
tﬁzrmuz eNeYEY

‘ Methedn of ohemical protection inolude the administra=

| tion of vitaminng, hormones, oconsymon, snd dertain diologioal
stdmulants ("blologieal" protection), Thene substances are
adniniatered saveral timer a few days before irradiation.

ALl protective substanvenr are olaseified with various
chamioal) conpounde, JFor example, Anvestigators hove identified
guoh groups as the aminothioles, amines net containing the 98
group (hiogenio aminen), sulfureconteining amine soids, eyance
gonotio oompounda, eta., 'These sudatiunces are further divided
inso two groupe on the busie of the time factors (1) ochemioal
pubutancas introduced a shext time before irradiation; (2) prow~

L-&ootoru with protractad aotion, whioh are intreduced into the
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r oxgunien at varlous timen (up t¢ 30 days) before 1r§td1utien.
™e latter group inaludas the vitanins and hormones,

'"here are docenn of ohenionl compounda known Lo provide
avdmelo with some degree of protestion against lethal douwos of
nrars and gumma pays.  For exumple, 50 of rate injected before
Levoddntion with Leayntoaine or ﬁumnrouptocnhyinminn aurvive
no oonpared with o 100, nortalivy wate for the eontrols,
some of the proteators, Ay Pumaroopﬁmmthplnmina (meroamine,
heonpbur, ayutennine), #-men«uptepropylamtna (propnming ), oo,
Yy heen  approved by the committes or phremsosuticnla.
eneawdne end propavdne slloviate vome symptoms of radiation
phohnoan (Qeve) An pornons recelving woentgons or ourdetharapy,

e following gonoval comsldesntiond npuly to the wachand vy
of notdon of the pretectorut (») almont all are effootive enly
1 adnintoterad prior to irvadievion and are ineffective even
L0 ninintoteved dmuedintely aftorverd) (b) all she protector:
fuventdgnted wve alrost completely inefleative if irradintion ia
aurrled oud in an atmowphere wisth high axyugon eentent) (o) moot
of the protestive oonypounde prucoot the oryanian from oxygen .
pedeaning, yet 4f pate, for edenple, are injooted with them,
oXyhn vtdilzution by the whole organism deorenses) (o) almost
all the proteators investigated ure antioxidanis, and the formae
tion of pamoxtd?~1&ko sompounds diminishes after thoy are

lmmtntrmdum¢d into the organiem,

9




An interesting featuro of nmany of thoao'ehomtc;l oompoundlmml
i} that the moxima of .their spectra of phoophoresoence are voty'
olone t0 the spsotru of desoxyribonucledo aoid (qevs)s This
sugpents that irradiation may atimulate the ntcrutmén of energy
frou the nmevtustable state of PNK %o the protectors, °

'he following 4s an example of the aption of protectora
with proparties charaotspistia ouly of cortain alasses of 0omw
poundo, It has been found that in ¢the aminothiol series

(meronmine, eto.) oompounds with the general formuls

UR wee (OH), == NH,,
whonre x im no highex than 3y possess protective properties,

The meohanierm of proteotive notion of the vitamine and
hoxmones has not as yet been thoroughly investigeted., QOeneral '
radiovesistance 12 appqrontly inoreased in various ways. For
exanple, repeated administration of vitamin P (citrin) togethor
with asoorbvic aoid ocombate permeability of oapillary walls, .
rednods the number of homerrhages, and inoresses the wurvivel
ratn of animals exposed to Xe or clﬁna ireaddate’, ¢n endlethal
domnu,

we o@n expoot better renults by sinmultaneously ueing
severa) protectors aoting on different linke in the primery
phyaicoohenionl, radiochemioanl, and bioohenioal »asctions

developing after irradiation, The results have baen partioulsars

,L_}y gosd when the protosiorn wexre combined with therapeutio mou»n:ln.
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